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INTRODUCTIOK 



The present Paper forms the first of a series on the 
same subject now being published, through the 
kindness of the Editors, in the Qmrterly Journal of 
Microscopical Science. It purposes to show that 
when pencils of light, which are disposed in a 
particular manner, have a defined magnitude, occupy 
a certain position before the eye, and are of small 
intensity, are caused to fall on certain bodies, these 
can be distinguished at distances from the eye much 
shorter than those which have been usually considered 
compatible with distinct vision; and that when thus 
examined they are, as might be anticipated from the 
known properties of the visual angle, much enlarged. 

No apology is deemed necessary for thus intro- 
ducing several new and interesting phenomena result- 
ing from direct experiment, which serve to render the 
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theory of the " Visual Angle " attractive at the same 
time that they enable us to demonstrate the micro- 
scopic power of the healthy eye. For whether it be 
required to comprehend the magnifying power of 
lenses, used either singly or in combination, as in the 
telescope, microscope, &c., or correctly to understand 
the theory of vision in the healthy eye, or to be 
conversant with the fundamental principles of per- 
spective, it is alike important to become acquainted 
with the properties of the visual angle. 



Twnhridge, Kent, 
October 1, 1854. 



On the Magnifying Power of Short Spaces, illustrated hy the 
transmusicn of Light through minute Apertures. 

By John Gorham, M.R.C.S.L., Memb. See. Arts, &c. 



In the present communication it is my intention to furnish a 
few phenomena, illustrative of visual angky of the magmfying 
"power of short spaces intervening between the eye and the objedt^ 
and of the inversion and multiplication of images by the simple 
transmission of lights without rejfraction, through small apertures 
in plane sutfaces. As these illustrations are somewhat novel, 
I hope they may prove interesting to the readers of the 
* Microscopic Journal.' 

The apparent enlargement of minute objects held and 
^examined at very short distances from the eye, has received 
less attention at the hands of the writers on optics, than has 
the minifying power of longer spaces with respect to greater 
objects. We are more conversant, for instance, with the 
appearance of a church, or a tree, at one mile, than of a pin's 
head at one inch ; and, at these respective distances, we are 
more surprised to find the image of the latter enormously 
enlarged, than that of the former proportionally diminished, 
forgetting that the very same law is in operation in both 
instances. 

This comparative indifference with respect to the examina- 
tion of minute objects has arisen, doubtless, partly from their 
very insignificance, as we are accustomed, though not always 
justly, especially when examining those minute portions of 
the handiwork of God which bear upon them, without 
and within, the impress of the ^' hiding of his power,'** to 
consider little things contemptible, and beneath our notice ; 
partly, again, from the fact of our being able to avail ourselves 
of the assistance which a lens made of glass affords, when-r 
ever we wish to examine any small body ; and especially 
from the recollection that at any distance less than six inches, 
which is usually considered the shortest limit for distinct 
vision, a feeling of distress has always accompanied the 
attempt to distinguish the object, whilst at longer distances, 
the exertion is not only easy but pleasurable. In the former 

* Habakkuk iii. 4. 
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case, too, as we shall have occasion to show, certain artificial 
contrivances are necessary to ensure vision at all, whilst, in 
the latter, the adjustment of the eye is without effort, and 
requires no adventitious aid. 

Whilst the transmission of light through small apertures, 
in the way hereafter to be explained, serves to show, in a 
(x>nclusive and striking manner, that apparent enlargement of 
objects which accompanies their diminished distance from the 
eye ; the variation in the size of the images at different ages, 
and in different eyes at the same age, and which is found to 
be very considerable, may, possibly, at some future time, 
assist in determining the relative refractive powers of the 
transparent media of the eye ; and hence may come to prove 
of utility in the diagnosis of disease, although it is not my 
intention to insist upon the application of the phenomena 
elicited by these experiments, either to the one or tQ the other 
of the above important uses, in this present communication. 

For the few preliminary remarks about to be offered, some 
apology might be necessary, were it not that a difficulty 
seemed inevitably to connect itself with any attempt at 
arranging the subsequent portions without them. These 
remarks will be found, indeed, to consist of a mere repetition 
of those principles in optics, which, to a certain extent, and 
in particular aspects, have received abundant illustration 
from experiments, to prove their correctness, and make them 
intelligible ; and which, nevertheless, in other aspects, are 
calculated to afford new and important results, — for the laws 
of nature, so far from becoming deteriorated by a scrutinizing 
examination, always derive additional confirmation from the 
process. The visual angle^ for instance, when applied to the 
investigation of objects at distances beyond ten inches from 
the eye, defines and measures the sizes of their images as 
depicted on the retina ; and, when applied to the imitation 
bf such images by delineating them on a vertical plane, it 
explains the art of perspective ; and these are such familiar 
examples of the application of a general law as scarcely to 
require specifying. But, on the other hand, if the magnitude 
of the visual angle is inversely as the distance, the size of the 
object remaining the same ; if bodies really do appear larger 
when brought very near to the eye^ as we know they appear 
smaller when more remote ; if, in short, the law of visual 
angle holds good for all distances, for the small as well as the 
great, it may be worth inquiring as to the kinds of pictures 
which are formed on the retina, when exceedingly small 
objects are held very near to the eye, so near, indeed, as to 
exceed the limits of distinct vision. That such objects present 
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wondiously magnified images, if discerned at allj is evident.' 
This, therefore, is just that kind of inquiry which, from having 
beeii instituted in comparatively a few cases only, serves to 
elicit new phenomena, of which it will be one of the objects of 
this paper to furnish a few illustrations. 

That the apparent size of objects depends on their distance 
from the eye may be shown, with respect to short distances, by 
the following simple experiments: — Having closed an eye, place 
the forefinger of one hand across the palm of the other, and 
both at arm's length. Now gradually bring the finger towards 
the open eye, and its image will be gradually and yet sensibly 
magnified ; and when the finger is about midway between the 
hand and the eye, its appairent size will be doubled. If a 
watch be used instead of the finger, the enlargement of its 
image will be very, evident, and the palm of the hand which 
remains stationary will soon be completely hid by the appa- 
rent expansion of the watch. Whilst experiments of this, and 
of a like nature are, in themselves, of easy performance^ and 
require no costly apparatus, yet they are not to be supposed 
the less useful on this account, although, there is reason to 
fear, this is too often the case ; as if the mind were incapable 
of receiving any idea of the science of optics, excepting 
through the medium of finely-ground lenses set in burnished 
brass and polished mahogany. We are delighted, on the 
contrary, to discover the elements and exponents of general 
laws, themselves of the greatest importance, in combinations of 
such homeliness and simplicity. 

Take a couple of cards, the one four times as large as the 
other, that is, twice as long and twice as broad ; a card from 
a pack and the cover of a book will answer the purpose. Let 
the experiment be conducted as the preceding one, the small 
card being substituted for the finger, and the book-cover for the 
hand. Then, not forgetting to keep one eye closed, when the 
former is advanced to a station midway between the latter 
and the eye, both will appear exactly of the same size ; in 
other words, the images of both will, as regards magnitude, 
be identical. Hence it appears that the linear magnitude 
vmes inversely as the distance^ and the 'superficial extent, or 
area, varies inversely as the square of the distance, for the 
finger was twice the length, and the small caxAfour times the 
area, at half the distance. 

The explanation of this law is founded on the properties of 
the visual angle. Let AC, BC, fig. 1, be rays from the 
extreme point of the arrow AB, which cross within the eye 
somewhere about its centre at C ; then the angle ACB is 
termed the visual angle. A glance at the figure shows that 

B 2 
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the greater the divergeace of the llnea composing that angle, 




the greater nill be the arc on the retina occupied hy the 
image ab; and, also, the greater that image, the greater will 
be the angle included by the lines AC, BC, the lines of visible 
direction, for the angle aCbtM always equal to the angle ACB. 
The visual angle varies exactly as the arc of the image, and 
as that angle may be formed with sufficient accuracy by draw- 
ing lines from the centre of the eye to the extTemities or boun- 
daries of an object, it affords a convenient expression of the 
length or size of the image. If a second arrow, A'B , twice 
as long as AB, be placed parallel to AB, and at double it* 
distance from the centre of the eye, then, by the properties of 
similar triangles, their visual angle will be equal, and their 
apparent magnitude identical. Conversely, if the two arrows 
be parallel, have the same visual angle, or apparent magni- 
tude, and one be twice as distant as the other, the more remote 
one must be twice a« long as the other. The apparent mag- 
nitude of the same object, at different distances, may be 
inferred on the same principles. Thus, if AB approach the 
eye, remaining upright all the time, the visual angle will 
enlarge, and, at half its length, will appear double ; or, if 
AB recede from the eye, it will be seen under a smaller angle, 
and appear proportionally smaller, — in fact, the apparent 
length of an object increases in the same ratio as its dutaace 
from the point C, within the eye, decreases. Hence, to bring 
an object near the eye is to magnify its image. 

The degrees of divergence, or convergence, of the visual 
angle for smaller and larger distances of the object may be 
we)] shown by substituting black threads for the lines com- 
posing the angle. These threads may be attached to the 
extremities of the arrow, which should be made of wood, as 
well as the plane on which it is intended to slide to and fro,- 
Ten vertical lines may be drawn on the plane, dividing any 
given interv^ between the arrow and the eye into ten equal 
parts, which we will suppose to be inches. When the threads 
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emanating from the arrow A'B', fig. 1, are drawn through a 
hole bored at C, the arrow can be moved to and fro, at plea- 
sure, by traction at the knot from behind, and thus the 
gathering and spreading of the rays of the visual angle are 
well imitated. When the arrow is brought near to the eye 
the threads are seen to diverge rapidly from C, and when it 
is removed to a greater distance they are brought nearer 
together. During the passage of the rays toward C, they 
may be supposed to be transmitted through a plane of glass, 
I /, held vertically before the eye, and on which the varying 
lengths of the image of the arrow, at different distances, may 
be measured. In this way it will be seen that, at ten inches, 
the space included by the visual rays (10 to 10), when they 
cut the plane of glass is very small, and this may be regarded 
as unit. At five inches (5 to 5), the space is exactly doubled, 
indicating that the image is twice as large at half the distance. 
At one inch the image is ten times as large, for the interval 
from 1 to 1 is ten times as great as the interval from 10 to 10. 
In all these cases the relative magnitude of the image, com- 
pared with its size when the object is ten inches distant, i^ 
found by dividing the distance for distinct vision of any 
object, and which is assumed to be about 'ten inches, by the 
new and shorter interval, produced at pleasure, by holding 
the object very near to the eye. Hence : — 

At 10 inches the image will be = — = 1 
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10 
At i inch the image will be = — = 40 

10 
„ J „ „ ~ T" ~ ®^' ^^' 

The expression ''to magnify an object," common in optics, 
is an unhappy, because incorrect, mode of stating the fact, 
that the images formed on the retina of the eye are always 
magnified, as the distances of the objects by which they are 
produced are diminished. This should be constantly borne 
in mind. To say that an object appears larger is merely to 
refer it, by a mental process, to some imaginary and greater 
distance at which it looked smaller ; and it is said to be maff- 
nified when it appears greater than it is usually found at those 
distances, ordinarily considered necessary for distinct vision. 

In using a single lens, the magnifying power, resulting from 

proximity of the object to the eye, and which is independent 

of the peculiar function of the lens itself, is commonly much 

underrated. When, for instance, we place an object in the 

focus of a lens held close to the eye, and having a small focal 

distance, and find its image magnified by the process, we are 

apt to merge the whole of these effects in the lens, and in its 

so-called magnifying power, forgetting the new position of the 

object, its short distance from the eye, it^ enlarged visual 

angle, and the resulting increased magnitude of its image. 

The magnify ii^^ power of a lens is equal to ten inches,* 

divided by the focal length of the lens. But it is worthy of 

remark that this is just that power which is possessed by 

diminished distance, independently of a lens, and is found 

precisely in the same way ; that is to say, by dividing the 

distance at which we see any small objects most distinctly, 

by the interval of nearer approximation to the eye. Now a 

lens of half-an-inch focus is seen to magnify twenty dia- 

10 
meters, for -j- = 20; but it has been shown, by the properties 

of the visual angle, that the apparent dimensions of any small 
object placed at the same distance are identical. Hence the 
difference between the magnifying power of a single lens, 
used as such, and the magnifying power of a short interval 
between the eye and the object, is equal to ; in other words, 
a lens would appear to accomplish nothing more, magnitude 
alone considered, than proximity, aided by the refraction of 
the humours of the eye, can effect. 

In giving such prominence to the powers of unaided vision, 

♦ ITiis is stated diflerently by authora ; gome supposing the shortest 
limit for distinct vision eqtial to ten inches, others to five. 



HAONIFTINO POWER OP SHOBT SPACES. 7 

it mtiit, however, be conceded that, in using a lens, the 
divergent rajs are made parallel, and ate thus prepared to 
enter the eye, and produce distinct vision. The outermost 
rays, too, those especially which are spread beyond an angle 
of 48°. would be reflected from the surface of the cornea, and 
altt^ether lost, and with them, a large quantity of light, 
otherwise appropriated to the illumination of the object, 
would disappear, were a lens dispensed with. Hence a lens 
of glass W useful in rendering parallel the rays which emerge 
from it after refraction (see fig. 2) ; and it is more especially 
necessary, in gathering the most divei^nt rays, and thus 
bringing out the magnified image more distinctly by the 
larger quantity of light received from the object. 

These remarks are not at all likely to have any effect in 
deteriorating the value of such a useful optical instrument 
as the double cxtnvex lens, the utility of which, in some form 
or other, everybody acknowledges. They are made the rather 
to bring out by contrast the remarkable fact of the increase, 
which may be observed in the size of those images which are 
formed, by examining objects at very short intervals icithout 
a l^is. A subject which is inviting, comparatively unex- 
plored, and doubtless wortliy the attention of those engaged 
in optical srience. 




It is supposed that those rays onlywhich fait within an angle 
of 48°, or thereabouts, measured on the surface of the cornea, 
pass through it, and are refracted in tlieir passage (see fig. 3) 
Those which are not included witliin tlis imgle are reflected 
by the verge of the cmmea and the sclerotic coat. Rays in 
rapid divergence, however, may enter the eye, provided the 
point from which tliey emanate be very near or close to it. 
There is, probably, no easier method of proving tbu than bv 
tracing the course of the rays of light wliich are transmitted 
throug'i small apertures of known dimensions, through the 
humours of the eye to their final destination on the retina. 
For when the size of any object and its distan<'e from the eye 
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Are known, the visual ansrle is also known, and bence the 
magnitude of the image formed on the retina is easily dis- 
covered. But these small apertures may be held in any 
position, either near to, or remote from, the eye ; and thus the 
magnifying power of short spaces is seen to be capable of 
easy demonstration. 

This is shown in the following curious, and, as far as I am 
aware, previously unnoticed phenomena, which are based 
upon the transmission of light through small apertures. 

In order to exemplify this subject, let a number of common 
pill-boxes be procured, about half an inch in depth and one 
inch in diameter ;* and let small holes about the l-40th of an 
inch in diameter, and at r^^lar intervals of the 1-lOth of 
an inch, be punctured through the bottom with a needle ;f 
as in Plate VIIL, 6g. 1. 

These apertures are best made by carrying the needle from 
without to within, to prevent their size and shape being after- 
wards altered by friction. Then let small pieces of tracing 
paper be stuck over them with gum water, to prevent too 
much light entering the eye. For this, by ccmtracting the 
pupil, would diminish the size of the image. Their trans- 
lucenry may be still further slightly diminished by communi- 
cating a tint with water colours, and for this purpose the three 
primary colours, red^ yellow^ and blue^ may be used, for reasons 
hereafter to be specified. 

Combinations of these perforations related to the square, 
the pentagon, or the hexagon, may be left to the ingenuity of 
the reader. A few, partaking of the latter fonn, are sub- 
joined ; wherein the letters r, y, ft, and ir, refer respectively to 
the colours red, yellow, blue, and white. It may be premised 
that the tints should be laid on, as in ordinary tinting, coat 
after coat, until they become brilliant, without being at the 
jame time opaque. 

(I.) (2.) (3.) 

r 

y b r b b 

^ r y y y y 

r y h r b b b 



* The size marked two drachms used by chemists and apothecaries. 

t Sewing needles are generally sold in papers, which are numbered from 
one to twelve, according to their thickness. With a micrometer mider a 
microscope, I examined the diameter of apertures made with needles from 
the papers marked Nos. 6, 7, 8, 9, and 10, and found them respectively 
equal to tbe l-3Gth, the l-38th, the l-44th, the l-50th, and the l-70Ub 
of an inch. 
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(*•) (5.) (6.) 

b w r h ^ y T 

w y h w h r y h h w h w 

y r w r y y r r y r y r 

w h y w h r y h w b w h 

r w b b f y T' 

To these combinations we shall have occasion hereafter to 
refer. 

Now, if distance produced no change in the apparent mag- 
nitude of objects, the apertures should remain as needle holes ; 
and the colours should appear red, yellow, and blue, at all 
distances. But this is not found to be the case. On thf^ 
contrary, when examined by looking through the bottom of 
the box from the inside, they are ibund to present the follow- 
ing phenomena : — 

1. Bringing the box within an inch or two from the eye 
these small inlets appear to expand into circular discs, which 
touch one another at their margins (see Plate VIII. fig. 2). 
And when held still nearer to the eye they become so much 
enlarged as to overlap at their edges (PL VIII. fig. 3). But if 
the discs- overlap, the colours must blend ; and it is worthy of 
especial notice that this is actually found to take place. For 
when the three primary colours, red, yellow, and blue, are 
thus united in pairs, the secondary tints, orangey green^ and 
violet are produced ; and when the three primary tints all 
combine there is formed white light (PI. VII I. fig. 3). 

' These effects are demonstrable, and the colours are suf)i« 
ciently distinct by the light of a taper held a few inches from 
the eye ; but they are more brilliant and beautiful when seen 
in a room screened from the direct rays of the noonday sun 
by an ordinary white blind 

2. Assuming each of these apertures to be an object, the 
circular disc is its enlarged image painted on the retina oif the 
eye. It is difficult to obtain a correct idea of the size of these 
images without actually measuring them ; inasmuch as this is 
estimated very differently by different individuals. To some, 
for instance, they appear to exceed an inch in diameter ; to 
others they are as small as a fourpenny piece or a split-pea. 
My own imagination presents them as exactly resembling 
small coloured wafers^ But it is probable that a cognizance 
of the actual size of the apertures themselves being associated 
with the perception of the image leads to an erroneous con- 
clusion as to their real dimensions. . In every instance, how- 
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ever, the magnitude assigned to them has been less, and never 
greater, than their true size. 

In order to measure them it is merely necessary to compare 
them, that is, the images, when the apertures are held at half 
an inch from the eye, with circles, or diameters of circles, of 
known dimensions, placed at ten inches. This is effected in 
a rough way by holding a measure horizontally ten inches 
from the eye, and noticing, when this is examined by looking 
through the aperture, how many inches or parts of an inch 
are included within the area of the circular image. When 
used for this purpose the apertures should not be covered with 
tracing paper, and the kind of light used should be specified. 

Now, by the properties of the visual an^le it may be shown 
that when a small round opening, the l-40th of an inch in 
diameter, or thereabouts, is held at ten inches from the eye, 
it presents an image equal to about the 400th of an inch 
across, and which appears as a mere spcx^k. But when this 
same opening, or aperture, is examined at half an inch only, 
its image will be found so much enlarged as to cover a circular 
area two inches and a half in diameter, placed, in order to 
institute the comparison, at ten inches from the eye ; and this 
may be easily proved by direct experiment. The apparent 
size of the disc has therefore undeifpone an immense increase 
by this simple process of bringing the aperture nearer to the 
eye. It is, in fact, magnified a thousand diameters. For — 

4 Jj inch : 2^ inches : : 1 : 1000. 

But this gives the rate of increase in one dimension only. 
Hence, if our calculations are carried a little further, we shall 
find the entire area of the disc magnified one million times. 
For: — 

Area of circular disc (a) 2i inches in diameter = 4*90873 

(/3)tJ» » n = -000004908 

Then area of (a) : area of (^8) : : (diameter)* : (diameter)" 

area a (fV 26 40000 ,^^^^^^ 
.-. = ;ArT. = -^ X — j— = 1000000. 

Thus it appears that the image witich is produced by 
examining a small hole made with a needle is magnified one 
million times by simply diminishing its distance fn>m ten 
inches to half an inch from the eye. 

3. These discs are invariably diminished in size when, 
fn>m any cause, the intensity of the ligHt is increased. While, 
therefore, on viewing them by the direct rays of the son, their 
margins scarcely touch, by diffused daylight, or the light of a 
taper, they directly overlap. This result is clearly owing to 
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the alternations of size of the pupillary aperture: for this 
circular opening expands wh«i the light which enters the eye 
is diminished, and contracts when the light is increased.* 
For the same reason the discs always become smaller when 
the other eye is opened, and again resume their size when it 
is closed. This efTect is instantaneous, and may be repeated 
again anti again, as often as we choose to make the experi- 
ment. These rapid alternations of size in the circles, result- 
ing from the alternate contraction and dilatation of the pupil, 
show, in a striking manner, how the quantity of light which 
enters tlie one eye regulates and controls the pupillary aperture 
of the other) and thus points to the necessity for shading both 
e^es in those diseases where it is important to exclude the 
light from either. 

4. Tbat the pencils of light emanating from these apertures 
cross within the eye, come to a focus, and form an inverted 
image at the bottom, may be inferred from the fact of their 
visual angle being less than 48° when they are examined at 
half an inch. And that the image itself is really inverted 
mAy be proved by making a second very small aperture close 
to the edge of the larger one (fig. 4). The image of this 
double aperture is an ovate disc seen in its true or erect 
position (Sg. 5), in which position it would not be seen were 
it not inverted on the retina. 

Fig. 5. 





The visual cones emanating from these apertures, there- 
fore are thus disposed (fig, 6) and transmitted through th« 
humours of the eye, by which they are rendered convergent, 
and so come to a focus at the bottom. 

5. It is worthy of notice tbat the innermost rays of these 
cones of light, which we have just examined, cross each other 
almost directly after proceeding from their radiant points 
towards the eye : and, as they do not again intersect during 
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their passage tbrongh it* hamours, the image of any small 
object held within the 
'*■ ' angle aeb should be 

fonned erect on the 
retina, and should be 
seen, ccMisequently, in 
an inverted position. 

That this is the case 
may be proved bydirect 
experiinent. tor this 
purpose 1 mounted a 
small cross about the 
tenth of an inch in 
length, and the twentieth of an inch brood, cut from a sheet 
of coloured gelatine, on the centre of a glass slide, with gam 
water, so that it might be used at pleasure. On holding this 
small cross between the eye and the aperture a small inverted 
image of it is seen, as if drawu in the centre of the disc. 
Moreover I noticed generally, that the images of all objects 
which were ao placed as to subtend the angle aeb were se«i 
in an inverted position. 

To illustrate this, let r r (fig. 7) be the radiant points pro- 
ceeding from the 




Pig. 7. 




image i, which is seen in an inverted position at p. 



aperture n, in the 
bottom of the box. 
bb, and let rab 
t* ab be the cones 
of light passing 
tbrongh the slide 
of glass < and the 
eve t, to form a 
circalar image on 
the retina i. Let 
the cross which 
occupies the centre 
of the slide be suf- 
ficiently small to 
subtmd the angle 
acbi then the rays 
of light c a and c b, 
which illuminate 
its extremities, are 
transmitted to the 
retina without in- 
tersection, form- 
ing there an erei^t 
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Fig. 8. 




A rude modification of thi« experiment may be made with 
a pin, a. writ, and a small pillbox. This latter should have 
a small hole, about the fortieth of an inch in diameter, made 
in one of its sides with a needle ; and a circular piece, about 
the eighth of an inch 
in diameter, should' be 
excised at a point ex- 
actly opposite the first 
from the other side. 
The pin is dow stuck 
into the corlt and the 
box mTerted over it, 
the centre of each open- 
ing and theliead of tl e 
pin bein^ all in one 
straight line (fig. 8, 
a a). On losing 
through the small hole 
the pin is Aeen much magnified and in an erect position ; but 
when examiited through the lai^er opening it appears inverted. 

6. In pursuing these investigations it occurred to me tliat^ 
whilst in the polytcope, or ordinary multiplying glass, the 
multiplication of the images is effected by causing the rays 
which proceed from the object to travel towards the eye in 
as many different directions as there are images, by refraction : 
the same result might be obtained without a glass, by trant^ 
mitiion. For it was clear, that if it he possible to view tha 
same object by raya of light, all emanating from different 
points, and concentrating themselves in the centre of the eye, 
such an object must appear multiplied. Hence, on examining 
a small cross, similar to that which was used in the last 
experiment, under the light admitted through six apertures, by 
holding it between them and the eye, I was gratified to fina 
my anticipatimis realiiied ; for six inverted images of the cros« 
immediately appeared : one being painted on the centre ol 
each disc, as if by magic. 

This phenom«)on was scarcely less interesting than either of 
the former, for it seemed to present a new and anomalous position 
of the object, with respect to transparent media, in the forma- 
tion of multiplying images ; in short, a new kind oi polyscope 
was discovered, having properties distinct from those belonging 
to an ordinary multiplying-glass. In order to point out the 
difference between these two optical instruments, it must bq 
borne in mind that, in a common muUiplying-glast, the object 
to be multiplied is placed on one side of the glass, and th« 
eye on the other, whUe the images are conveyed to the eye by 
the aid of the refracting power of the glass. Thus, in the 
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multiplyiag-glau with tliree faces, a b e, fig. 9, let the object 
be placed at o, and the eye at e; then the new images, et, are 
seen in the direction of the emergent rays, ae, be, after refrac- 



tion ; that is to gay, the rays ao, bo, emanating from the 
abject at 0, conreige on the opposite side of the glass, and 
enter the eye at e, which thus perceives three images instead 
of one : the first being that of die object in its real position, Oj 
and the other two in the directions e 1 and e t. But the same 
result may be obtained, as we hare said, without refraction, 



Fig. 10. 




by holding a small 
object nearly close 
in front of the eye, 
and inspecting it 
by the light trans- 
mitted through 
small apertnres, 
when the number 
of the images will 
be found to coin- 
cide with that of 
the apertures, and 
will be seen in the 
direction of the 
pencils of light 
which travel 

through them. In 
order to illustrate 
this, let abc, fig. 
10, be three smalt 
apertures, about 
the l-40th of an 
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inch in diameter, and the l-8tb of an inch apart, made in one 
straight line in the bottom of a pillbox, and let o be a small 
cross of gelatine, as before described, or any other small, 
transparent, well-defined object mounted on a slip of glass. 
Let e be a section of the eye, and d b' dy the images painted 
on the retina : these images will be circular discs, having, 
in the centre of each, an inverted image of the object o, as 
shown in the following figure (11). 

Hence the bottom of the box, which contains these openings 
a, &, and c, is similar to a multiplying-glass in producing as 
many images of the object as there are transparent facets in 
the glass, but unlike in these important particulars, that those 
facets are all in the same plane ; that the light is not refracted 
by them, but merely transmitted ; and that the eye and the 
object are both on the same side, that is, in front, of the mul- 
tiplying medium. 

In this experiment it may be instructive to notice : I. The 
rectilineal direction of the visual cones in their passage from 
the apertures to the eye, each of which, although intersecting 
the others, and being crossed .by them again and again, travels 
in one undeviating course, until it falls upon- the cornea, and 
is finally brought to a focus on the retina, thus defining the 
shape of the images, 2. The last direction of the pencils of 
light which fall upon the cornea, determining the position of 
the images in space, for an object always appears in the 
direction in which the last ray of light comes to the eye. If 
the light which comes from a star were bent into fifty direct 
tions before it reached the eye, the star would, nevertheless, 
appear in the line described by the ray nearest the eye. 
3. The influence of proximity of the object to the eye in 
increasing the magnitude of the image. 4. The perception 
of many images, of only one object, that object being ren- 
dered visible not by one pencil of light only, but by many 
pencils in different directions, explaining the cause of the 
multip/ication of images ; and 5. The peculiar arrangement 
and aisposal of the rays, during their passage from the aper- 
tures to the eye, in producing an erect retinal image, and an 
inverted mental one : — for these are so many phenomena, each 
and all of which serve to show how the laws of light may be 
illustrated by means the most simple. 

7. The multiplication of images, referred to in the last par- 
agraph, has been shown to result from the simple transmission 
of light through small apertures. But there is a second case to 
be noticed, wherein double images are produced by refraction, 
that is, refraction during the passage of the rays through the 
eye, and without the intervention of a lens of any kin<l. 
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These double images are seen on holding a nnall object behind, 
instead of in front of, the apertures ; and when seen, it is to 
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be noticed that they always occupy that oral space formed by 
the mutual intersection of the circular discs, fig. 12, », 

In order to explain this, let two small holes (a a, fig. 13) the 
He. 13. l-70tb of an inch in diameter,* and the 

l-20th of an inch apart, be made in the 
bottom of a box, and let a pin, p, be held 
behind the box, at the distance of an inch 
or two. On looking at this through the 
apertures, a double image of it will be 
seen at 1 1. When the pin Is withdrawn 
to a considerable yet certain distance, say 
p', a single image only will be noticed, the 
rays coming to a focus at f ; but on bring- 
ing it nearer, the two again become visible. 
It is evident that these phenomena are to 
be referred to the refraction of light, during 
its transmission through the humours of 
the eye. 

The refracting power of the eye varies 
at different ages, and in different indivi- 
duals of the same age ; and it would appear 
that its intensity may be measured by ascer- 
taining the distance at which any small 
object, such as a pin, produces a single 
image, when viewed through two apertures, 
in the manner just described ; for when the 
distance is known, the direction of the rays 
being determined by the interval of the 
apertures, the visual angle is also known ; 
and when one image only is seen, the rays by which it it 
formed are brought to a focus exactly at the bottom of the 
eye, thus measuring the refractive power of its humouis. 
* Such apertures can be made with a needle marked No. 10, 




MAGNIFYING POWEBl OF SHORT SPACES. 17 

But if the same object, at precisely the same distance, were 
examined by another eye, and if two images were seen instead 
of a single image, there i» good reason to infer that, in the 
latter case^ the transparent media of the eye would be endowed 
with powers of refraction greater than in the former ; hence 
the relative refracting power of two eyes may be found by 
measuring the intermediate space between two points, say p 
and//, at which the same object appears as one, tbiat is, forms 
a single image in two different individually. 

I have, in this paper, laid before my readers an account of 
several new phenomena which have occurred to me whilst 
investigating some of the laws of optics ; in doing which it 
accorded with my design and professional avocations to be brief 
and perspicuous, rather than to write an elaborate essay. On 
a careful perusal, especially of the sixth paragraph, it will, 
doubtless, not have escaped notice, that certain of the results 
involve principles bearing a direct application to the con- 
struction of one or two amusing and instructive bptidal instru- 
ments, not heretofore invented. But I shall beg to reserve a 
more particular description of these for a second paper. 

It has been before noticed that less attention has been 
bestowed upon the investigation of objects that lite hear at 
hand, within an inch or two, we will suppose, of the eye, than 
upon objects which are placed at a considerable distance from' 
it, that, for example, of as many furlongs. I have also'^ endea- 
voured to show that small circular perforations made in a 
card and rendered semitransparent, constituted in themselves 
objects well adapted to illustrate the magnifying power of short 
spaces, by presenting a rapid and palpable enlargement of 
the visual angle to the eye ; and lastly a series of phenomena 
has been described, which resulted from viewing small figures 
held close to the eye in front of such apertures, and rendered 
visible by the light admitted through them. 

The whole subject arranges itself therefore under two dis- 
tinct divisions, which comprise : — 1. An examination of the 
images formed by viewing objects hrid infront of small aper- 
tures ; and 2. An examination of those images which result 
from placing the objects behind the apertures. 

1. Of images formed when the eye and the object are both 
on the same side, that is, in front of the apertures. 

We have already seen that when bodies not exceeding the . 
diameter of the pupillary opening of the eye are held in close 
proximity to the visual organ, and are then examined by the 
light admitted through small inlets about the fortieth of an 
inch in diameter, their images become maynijied^ multiplied^ 
and inverted; and further, that they are illuminated with light 
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of an inteoatty varying with the nomber of apertures employed 
to render them visible. 

This light, be it observed, is always simply transmitted; 
never being reflected nor refracted by the intervention of 
glass, or of any other substance having catoptric or dioptric 
effects. The apparatus required in these experiments there- 
fore is essentially very simple and uncomplicated, consisting 
indeed of a mere short tube opea at one end, and having a 
plane, perforated with small holes to admit the light, at the 
other ; while the object to be examined is applied at tbe open 
end, and held as close to the eye as possible. Hence a pill- 
box and a narrow slip of glass constitute all that is r^ly 
necessary to explain the laws which are in operation, and to 
give an idea of tbe phenomena which are involved in their 
successful application. 

From the remarks made in a previous section it is obvious 
that these phenomena are owing to the tize, and to tbe 
irUervaU of the apertures themselves, and to their distance 
with respect to the eye. Thus their size should be the one- 
fortieth of an inch, — their intervals the one-tenth of an inch, — 
and their distance from the eye from one to two inches. If 
these conditions are nut fulfilled the images become either 
undefined or dimly illuminated; but when they are strictly 
observed, the combinations, which an instrument constructed 
upon such principles is capable of presenting to the eye, are 
very beautiful. 

But a mere tube of pasteboard, however well it might 
answer for a first experiment, is inefficient, for it is difficult 
to retain the slip of glass in its proper position between the 
tube and the eye. It was essential therefore to construct a 
small instrument of some more solid 
and durable material, such as wood 
or ivory, with which experiments 
might be conveniently performed. 

This instrument consists of a tube, 
T, one or two inches Imig, and about 
one inch thick, expanding at the end 
to which tbe eye is applied into a 
circular lip, L, which is about one 
inch and a half in diameter, while 
that of the round opening in its centre 
is about half an mch. This end is 
provided with a slit sufficiently large 
to permit a thin narrow slip of glass, 
about an inch broad, to slide easily 
through it, as shown in the figure. 
The other end has a circular rim, K, 
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which revolves in the groove, G, land to this rim is attached 
a second rim, r, which is provided with a female screw, and 
this secures any circular pl^e of apertures, /?, we may choose 
to insert, at the same time that it admits of its revolution. 

A series of ohjects, either painted or mounted on glass slides, 
can thus be examined at one end by the light admitted through 
perforated planes at the other. As such an optical contrivance 
is a mere conductor of the light directly from the apertures to 
the eye, while at th'e same time it excludes all the extraneous 
rays, it may not inaptly and for convenience sake be denomi- 
nated a diascope : a term derived from the two Greek words, 
Sios, through, and (txovso;, I view. And when it is used for 
the purpose of multiplying images, it may be called the mul- 
tiplying diascope. 

The circular planes containing the apertures are made of 
thick pasteboard, perforated with a needle at intervals of the 
one-tenth of an inch as before stated ; and the openings may 
be arranged in a variety of combinations, as shown in the 
patterns from one to six, page 225, of the last paper. 

Here let us notice that the round form of the images, de- 
picted on the retina when examining small apertures in this 
way, is determined by the shape of the pupillary opening of 
the eye rather than by that of the apertures themselves. 
Hence it is always circular whether these be rounds triangular^ 
square^ or altogether irregular in outline. This can easily be 
proved by perforating cards with triangular or square needles. 
The openings thus made when brought very near to the eye 
always appear circular.^ A little reflection will show that this 
is a necessary result, inasmuch as the outermost rays of the 
rapidly-diverging cones are intercepted by the tm, while the 
more internal rays pass on through the pupil, thus receiving 
their circular form. 

Hence if the pupil be widely expanded the discs will be 
large, and vicewers&y but nevertheless always perfectly round. 

Let us now take a circular plane, presenting a combination 
of perforations arranged as to colour and relative position as 
in the outline. No. 4, page 225, of the last paper ; and let 
us notice what kinds of images are presented to the eye when 
small bodies are examined by the light transmitted through 
them. 

Holding the instrument to the eye with a view to examine 
the apertures, we observe that the smallest particle of dust, or 
film of mucus, happening to exist on the surface of the 
transparent cornea, is immediately detected; and although 
such bodies have no definite shape, they are to be recognised 
interfering with the transparency of the discs, and forming an 

c 2 
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opaque spot or streak which occupies exactly the same posi- 
tion in each. Similar results are obtained if a small dot, no 
bigger than a pin's head, be made on a slip of glass with 
Indian ink, and introduced into the eye-piece of the diascope. 
The dot now appears multiplied, and as many images of it are 
seen as there are apertures by which it is made visible. 

In like manner if a small semicircle be painted on glass, its 
images will be multiplied, but each image will be seen in- 
verted, and will appear as a black body on an illuminated and 
coloured ground. 

And if a small triangle, or any other figure of definite 
shape, be cut from a piece of black paper, and if the opening 
thus made be examined in the same way, a number of illumi- 
nated and coloured triangles will be seen on a black ground. 

It is when transparent figures are made according to this last 
method that really beautiful combinations may be produced. 
But here, in order to insure success, it is necessary that the 
transparent openings should never exceed in size the pupillary 
aperture of the eye, fig. 15. Hence they should always be 
made within the limits of a circle, the 0*18 of an inch in 
diameter, fig. 16 ; this being the mean of the greatest and least 

Fig. 15. Fig. 16. 

o o 

expansion of the pupil If such transparent figures are made 
greater than this, the margin of the pupil will obstruct some 
of the external rays, and the outline of the image will thus be 
lost or badly defiined. If, on the other hand, they are less, the 
quantity of light admitted into the eye will be too small, and 
the images but feebly illuminated. 

Such openings used as objects are to be considered as little 
else than artificial pupils^ modifying the shape and contracting 
the size of every cone of light which is admitted into the eye 
from small apertures. 

When one of these transparent openings is held close to the 
eye, and examined with common difiused light, it becomes 
altogether invisible ; but, when it is viewed by the aid of a 
pencil of light from a small inlet, its outline is well defined 
and much magnified ; and the disc of the inlet, which would 
otherwise be circular, is replaced by the pattern we may 
choose to give to the transparency. 

And if the pupil of the eye itself, obliterated, as it often 
is, from disease, have a small portion excised from it, as in 
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the operation for artificial piipiU the newly-formted opening 
will appear inverted and multiplied in the same way ; and 
each image, instead of being circular as it is in the healthy 
eye, will be seen to resemble the figure of the new and dis- 
torted pupil. 

But in order to demonstrate the images which this instru- 
ment is capable of presenting to the eye in the most satisfac- 
tory manner ; instead of cutting holes in pieces of black paper, 
a series of figures having a transparent body and a black out- 
line may be painted on glass with Indian ink. For this 
purpose round patches of ink, about the size of a fourpenny 
piece, should be laid on the centre of ea^h glass slip with a 
camelVhair pencil ; and, when dry, transparent figures of the 
required shape and dimensions can easily be made by erasing 
a portion of the ink with a finely-pointed and slightly-moist- 
ened wooden style. 

The forms of such transparencies will suggest themselves 
to the ingenuity of the reader, but a few are subjoined by way 
of example (figs. 18 to 33). 
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Fig. 18. Regular hexagon. 

19. Hexagonal star. 

20. Rhomb of 60°. 

21. Curved triangle. 

22. Ditto. 

23. Trefoil. 

24. Circle. 

25. Concentric circles. 

26. Triradiate star of 120°. 

27. Straight lines intersecting 
at 60°. 
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Fig. 28. Two semicircles. 

29. Triangle and semicircle. 

30. Carved and straight lines 
intersecting at 60°. 

31. Three lines intersecting at 
60°. 

32. Two curved lines inter- 
secting at 60°. 

33. Two angles of 60° inter- 
secting. 



Such forms arrange themselves into two groups ; those, for 
instance, which are entire in themselves, and which constitute 
elegant designs by their multiplication and the shifting of 
their relative position (figs. 18 to 25), and those again which 
are imperfect figures, but which produce entire compositions 
of great beaaty by their combination (figs. 26 to 33). 
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As the apertures are arranged in lines which cross each 
other at angles ^f 60 and 120°, the outlines of the transparent 
figures should bear the same angular relation. Thus the 
modifications of the equilateral triangle, the rhomb of 60^ and 
120 , and the regular hexagon, a few of which are given in the 
above examples, are well suited for the purpose. 

When a transparent hexagonal star (fig. 19), slid into the 
eye-piece of the instrument and brought close to the eye, is 
examined by the light admitted through a combination of 
apertures, that, for instance, marked No. 4, at the 225th 
page, placed at the other end, the images of a number 
of stars are apparent. These stars are seen to change their 
relative position with every movement, however slight, of the 
revolving plane. Sometimes they are observed to touch each 
other by one ray, at others by two, while in- intermediate 
positions the rays alternate. The patterns which are thus 
formed are as variable as the parts into which a circle can be 
divided. They are shown in two of their phases of revolu- 
tion in the 4th and 5th figures of Plate VIII. 

The concentric circles, fig. 25, thus multiplied display 
themselves with good effect. Their appearance is represented 
in the 6th figure of Plate VIII., which is produced by using 
the arrangement of apertures marked No. 5, page 225. 

But the combinations effected by the mutual coalescence of 
the images of the imperfect figures into one entire composite 
form are the most curious* Thus if the three-rayed star, 
fig. 26, be examined, its images will be seen either to alter- 
nate, or to resolve into one hexagonal reticulation with a dot 
in the centre of each mesh, as shown in the Plate. And the 
images of the figure, composed of the straight and curved 
lines, fig. 30, unite into many fresh devices ; two of which 
are copied in the figures of the Plata 

But it is needless to multiply examples, as those which have 
been already given will doubtless have sufficed to explain the 
construction of the instrument, and one of the purposes at 
least to which it may be legitimately applied. 

Hitherto we' have confined our attention chiefly to the mul- 
tiplication of the images of artificial objects prepared expressly 
for the purpose, and viewed by the aid of the light admitted 
through small apertures. 

We are now to consider how the images of natural objects 
are magnified by the same means 

Here let us notice, in limine^ that we are not about to insti- 
tute a comparison between two optical instruments, the eye 
and the achromatic microscope, which although they are con- 
structed on the same principles are yet totally different as to 
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their uses. The healthy visual organ, itself a perfect instru- 
ment, ^^ converses with its objects" at almost all distances, 
and assists the other senses in becoming acquainted with the 
form, position, and magnitude of material substances. The 
microscope, on the other hand, all but a perfect instrument, 
enables us to see clearly and to examine certain objects, 
which from their small size and without its aid would be 
indistinct, if not altogether invisible. It is restricted to the 
small size and the short distance of its objects, and from its 
very construction it has magnifying powers which the eye 
neither possesses nor requires. If the eye were endowed 
with these, therefore, to the exclusion of its self-adjusting 
properties, whereby it discerns common objects in the ordinary 
way at great and small distances, it would be rendered com- 
paratively useless as a visual organ. 

Hence it were folly to attempt to invest this organ with 
functions, the possession of which would subject its owner to 
the greatest inconvenience. An exemplification of this position 
occurs to me in the case of short-sighted persons. 

When therefore we find ourselves enabled by a carefully- 
devised experiment to detect, with the naked eye, certain 
configurations upon or within an object which, we may sup- 
'pose, has never before yielded an image at all excepting 
through the medium of a lens, we are not to imagine that we 
are thereby infringing on the domains* of the microscope, 
which being constructed for this very purpose would present 
us, perhaps, with an ims^e ten thousand times as large and 
distinct. But putting this instrument altogether out of con- 
sideration, and throwing aside all extraneous assistance, we 
are the rather to consider how the eye, which has certain 
limits to distinct vision for short distances, can yet adjust 
itself for spaces still smaller, and in so doing become con- 
verted into a kind of natural magnifying glass. 

We have now therefore to turn our attention to certain 
microscopic objects, which are to be examined and resolved 
without a lens of any description ; and we are stimulated to 
an investigation of this kind by recollecting what has been 
already attained with respect to the magnitude of the images 
of small apertures themselves, when placed under circum- 
stances the most favourable for their mspection. Amongst 
these we cannot fail to have noticed at least two conditions 
necessary to be fulfilled in such investigations, viz. — First, 
that the object be held very near to the eye ; and secondly, 
that every ray of light, excepting what is required to illumi- 
nate the object, be carefully excluded. The first insures an 
enlarged image, whilst the second prevents a too great con- 
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traction of the pnpillary opening. Hence the necessity for 
examining objects through small darkened tubes, an I hence, 
too, the necessity for closinj^ the eye which is not engaged in 
exploring. 

Again, we must not overlook the fact, that in using a small 
aperture for the pur[K>se of examining any transparent sub- 
stance there are two methods which may he employed. By 
the OTie, the object u viewed through the aperture; by the other, 
the aperture is viewed through the object. The former has been 
almost always adopted by the curious, the latter scarcely ever. 
It is capable, however, as these papers show, of eliciting so 
many phenomena peculiar to itself, that I am surprised it has 
not beeu frequently used, and the results carefully investigated. 
Each of these plans throws a different picture on the retina 
of the eye, add of this the transparent animal membrane chosen 
for the following experiments will afford, when examined in 
both ways, abundant exemplification. 

For the purpose of presenting very small objects, mounted 
on microscopic slides in the usual way, before the eye at 
small distances behind a minute aperture, and to exclude the 
surrounding rays of light, I took an upright box of pasteboard 
about one inch and a half deep, and one inch and a quarter in 
diameter, and having cut a couple of slils through one of its 
sides sufficiently large to admit of a slip of glass an inch 
broad sliding to and fro, I made two small apertures opposite 
to each other, the first the one-thirtieth of an inch, and the 
second the one-quarter of an inch in diameter ; and these were 
so disposed, that when the ^ass slip with a small object 
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monnted cai its centre was introduced through the slits, the 
two apertures and the object were all in one straight line ; 
while the slide was about a quarter of an inch behind the 
smaller opening, see fig, 34. 
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With this simple apparatus I could examine very small 
transparent objects at pleasure, either by the light of the sun 
or of a taper. Whilst, however, it has been thought better to 
notice the dimensions of the apertures, &c., for the conveni* 
ence of others who might wish to repeat the experiments, it 
must not, by any means, be supposed that they are the best 
adapted to insure success, or that better could not be devised. 

Having been engaged in the preparation of a series of dis- 
sections of the compound cornea of the eye in insects, I naturally 
subjected one of these beautiful, objects to the first experiment 
in my lens-less microscope. Here, however, for the mforma- 
tion of those who may not be conversant with these objects, or 
the peculiarities of their structure^ it may be remarked that 
the. roundish, prominent, transparent elevations observed,' 
generally one on each side of an insect's head, constitute the 
membrane in question. This membrane forms at once the 
defence and the covering to the delicate parts in the interior 
of the eye, as well as the transparent medium by which the 
light is admitted into this tiny organ. It is analogous, more- 
over, to the transparent cornea of the eye in the higher classes 
of animals in being transparent, composed of several firmly- 
adhering layers, and forming the outermost of all the coverings 
of the eye. But it is altogether dissimilar in this respect, 
that it is found to consist of an immense number of facets or 
little pieces lying, side by side, like fine mosaic ; and which 
from being of a regular hexagonal shape, and arranged in 
perfect order, present when examined under the microscope 
an appearance like a honeycomb* Hence it has received the 
name of compound cornea. 

The eye of the large insect, called the dragon-fly, is recom- 
mended for a first trial in dissection, because it is not only 
very large but exceedingly beautiful. The compound cornea 
is at once separated from the rest of the eye with a pair of 
finely-pointed scissors, and the dark thick pigment which fills 
the inside is then washed away by soaking in a tumbler of 
cold water for an hour or two, and then using a cameFs-hair 
pencil. To procure it in a perfectly clean and transparent 
state, however, it is better to wash and rewash it after macera- 
tion for two days in frequently-changed cold water. Then, 
while still moist, let small circular pieces be excised with a 
small punch, and pressed immediately between two slips of 
glass. In a few days they will have become dry and flat, and 
may then be mounted in what is called the dry way, as if for 
the microscope. 

I wish it was in my power to convey to my readers an idea 
of the great beauty of one oC.these specimens ; to say nothing 
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of the wonderful arrancreinent whereby upwards of twelve 
thousand planes, each a perfect hexagon, are packed in a bit 
of membrane scarcely so large as half the little finger nail. 
" I have often," says the celebrated Leeuwenhoek, " made re- 
peated dissections of the eyes of various kinds of insects, 
merely on account of the pleasure the contemplating them 
afforded me."* But few, however, seem inclined to investi- 
gate these subjects for themselves, trusting rather to that 
second-hand kind of knowledge derivable from books. " This 
distaste for exploring the works of nature may possibly, in 
some instances, commence with the limited resources of the 
pocket ; the very preparation of a microscopic object in- 
volving the necessity for a costly instrument wherewith to 
investigate it. If, however, I shall succeed in pointing out 
certain beauties peculiar to the compound cornea in the eye 
of the insect, which may be discovered with the naked eye, 
and without a microscope, this membrane will have become 
invested with a new interest, and thus others may be stimu- 
lated to a like inquiry. But to return. Having inserted a 
slide containing a circular section of the eye of the dragon-fly 
in the box prepared for the purpose, I proceeded to examine 
it. Recalling to mind, however, that each of the hexagonal 
facets is barely the six-hundredth of an inch across, and that 
many hundreds of such facets are cbntained in the smallest 
section, it was much to anticipate that such a structure should 
be resolved by a process so simple ; and when on viewing the 
membrane, by looking at it through the small aperture, while 
a lighted candle was held nearly close to the larger one, it 
presented a semi-opaque and altogether homogeneous appear- 
ance, I had almost concluded that my efforts were frustrated. 
To overcome the difficulty was reserved, however, for a future 
trial. Now if, instead of a candle, a small wax taper be used, 
and if this be held at the distance of from five to nine feet, 
rather than close to the large aperture, a beautiful sight pre- 
sents itself. Instead of the flame of one taper, there are 
exhibited the miniature images of the flames of many tapers $ 
and these are not only very definite in their outline so as to 
be immediately identified, but they are arranged at regular 
intervals. But, what is still more curious, each image, except 
the central one, is seen to be composed of the colours of the 
prismatic spectrum, — ^violet, indigo, blue, green, yellow, 
orange, and red ; of which the extreme tints are so disposed 
that the blue portion in each image is always nearest to the 
central or colourless flame, and the red the most remote from 
it. Hence the blue and the red tints alternate in concentric 

* Leenwenhoek, vol. ii. p. 341. 
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circles. When the images which are most distinct, for those 
near the margin look fainter, assume in the aggregate the form 
of the hexagonal star, which they not unfrequently do, the 
appearance is striking and uncommon, see the Plate. 

The simplicity of the process by which such a spectacle is 
produced, together with the novelty of the sight itself, did 
not tend, of course, to diminish the sense of its gorgeousness ; 
and I was delighted to find a natural multiplying glass in 
a tissue, which had already contributed so much to my ad- 
miration and wonder when examined under a compound 
microscope. 

On viewing the sun in the same way each small and per- 
fectly circular image presented the rainbow tints in the same 
order, as in the Plate, and the multiplied images of the pale 
moon were scarcely less beautiful. 

I may remark, in passing, that the taper flame and the 
image of the moon were seen through a specimen mounted in 
Canada balsam ; but the rays of the sun were less distressing 
to the eye when examined through a specimen mounted in 
the dry way. 

Thus, although I had not, in this experiment at least, suc- 
ceeded in rendering visible a magnified image of each hexagon 
in outline, which indeed was the object of my research, I had, 
in effect, resolved the reticulated structure of the membrane ; 
for in this way only could the peculiarities of a multiplying 
medium have presented themselves. The interval between 
each image served, moreover, to indicate the apparent enlarger 
ment of each facet, and thus to give a notion of the magnify- 
ing power of short spaces. 

Still bearing in mind ' the comparatively enormous magni- 
tude imparted to images on bringing the objects which pro- 
duce them very near to the eye, and recollecting that the image 
of a mere needle-puncture seen at half an inch is magnified 
no less than a million times, it was difficult to renounce the 
idea of the practicability of defining the hexagonal lattice- 
work of an insect's eye with the naked eye, and without the 
assistance of a nfaterial lens. 

In the former attempt the membrane seemed too opaque to 
disclose its minute internal configuration, a specimen was 
therefore now mounted in balsam to increase its transparency. 
This, however^ did not succeed ; on the contrary, it had 
become so indistinct that its structure could now be scarcely 
made out even with a microscope. In order to define the 
hexagons it was evidently necessary' to colour the membrane. 
A few specimens were macerated, therefore, for four days in a 
decoction of logwood, and then carefirily dried and mounted 
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in balsam. In this way they were rendered sufficiently 
diaphanous to transmit a strong light from the sun without 
injuring the eye, and their reticulations were not obscured 

Having prepared the object, it was necessary to decide upon 
the distance from the eye best suited for examining it; and 
as the nearest position would insure the largest image, this 
was accordingly adopted. The mode of illumination also 
required consideration, in order that the light should be of 
such intensity as to make the object visible without dazzling 
or injuring the eye. The quantity of light received by any 
object is often measured with an instrument invented for the 
purpose, called a photometer ; but a box with small apertures 
pierced through the bottom might be shown to constitute a 
good and efficient substitute for such an instrument. For it 
is to be inferred from the remarks contained in the sixth para- 
graph, that when a small object is examined by the aid of the 
pencils of light admitted through such apertures, it is illumi- 
nated by the sum of their intensities. Hence the quantity of 
light thrown upon the object will be regulated by the number 
of the apertures, being very nearly proportional to them : that 
is to say, the intensity from two apertures will be nearly twice 
as great as that from one. 

By varying the number of apertures, therefore, we can regu- 
late the illumination of the object with the greatest nicety. 
It follows that there is no better way, perhaps, of exploring 
minute objects with the naked eye, than by holding them, 
mounted on a slide of glass, as near to the eye as possible, and 
examining them by looking at them from the inside of a small 
box through apertures made in the bottom, and which are 
covered with tracing-paper, by the aid of a strong light. 

And this is effected by using the little instrument, to which 
I have ventured to give the name of diascope. 

Thus all the conditions were fulfilled; for, 1, the object 
was rendered sufficiently transparent to transmit the rays of 
light freely, and sufficiently opaque to prevent the solar rays 
dazzling the eye ; 2, it was coloured to make all its parts visible ; 
3, it was brought sufficiently near to the eye to be enormously 
magnified ; and 4, all extraneous rays of light, those which 
were not immediately concerned in the illumination of the 
object, were shut out. It remains to be noticed that the ex- 
periment was crowned with success ; for, on examining the 
membrane by the direct rays of the noonday sun, the whole 
of its area appeared reticulated, and several usell-defined 
hexagons were seen in its centre. While, as a red tint had been 
communicated to the specimen, its reticulations were most 
easily discerned in the red discs, inasmuch as the tints of all 
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substances are most brilliant when viewed in light of their 
own colour. 

By way of recapitulation, I shall beg to sum up with the 
following remarks : — 

1. When small bodies are brought very near to the eye, 
their images are magnified, just as images of larger objects 
when seen at a distance are diminished, and by the same law. 

2. The apparent magnitude of objects depends on their 
visual angle. 

3. The visual angle, for short distances, may be well illus- 
trated by employing a small circular disc of light. 

4. A minute circular disc of light is procured by perforating 
a card with a needle, through which the light is then permitted 
to pass. 

5. A sewing-needle, of the size marked No. 6, produces an 
aperture about the one- fortieth of an inch in diameter. 

6. In order to examine the light which is transmitted 
through such an aperture, all extraneous rays should be ex- 
cluded ; hence the plane in which the opening is made should 
be placed at the end of a tube. 

7. The pencil of light admitted through an opening of this 
kind, held within an inch or so of the eye, consists of rapidly- 
diverging rays falling upon the cornea. Some of these are 
entirely lost, others are intercepted by the iris, while the re- 
mainder pass on through the pupil, which communicates to 
the image formed on the retina its circular form. 

8. Whether the small aperture itself be round or triangular, 
square or irregular, in form, provided its area do not much 
exceed that of a circle the one-fortieth of an inch in diameter, 
its image is always circular. 

9. When more than one aperture is used, and these of 
different tints, secondary colours result from the overlapping 
and blending of the images of the primary. 

10. If the three primary colours, t/ellow, redy and blue are 
used, their images which overlap in pairs produce orange, 
violet, and green light ; and when the images of all three 
blend white light is the result. 

11. When a small transparent object is held close to the 
eye it is altogether invisible. 

12. But its outline is immediately determined by the light 
transmitted through one of the small inlets above described, 
and it is then seen to be not only magnified but inverted. 

13. The image becomes much more distinct when more 
than one aperture is used, for the intensity of light by which 
it is illuminated is thereby increased, being almost in a direct 
ratio with the number of the openings which are employed. 



30 GORHAM, ON THE 

14. The pencils of light which are nsed for this purpose 
not only illuminate the object, but intersect in their passage 
through it, producing as many images as there are apertures. 

15. Hence, when a small object is examined by the light 
admitted through small apertures, it will appear magnified^ 
inverted^ multiplied^ iand illuminated with variable degrees of 
intensity. 

16. The apparent magnitude of an object varies with the 
distance of the source of light by which it is rendered visible ; 
when this recedes, the pencil of light has less divergence, and 
the object appears smsJler ; when, on the other hand, it ap- 
proaches the eye, the visual cone has a rapid expansion, and 
the object still held in the tame position appears magnified. 

17. All these effects are demonstrable by using artificially- 
prepared transparent figures, the dimensions of each of which 
do not exceed the diameter of the pupillary opening of the 
eye. 

18. It is probable that the minute structure of many natural 
transparent objects may be recognised in the same way. The 
hexagonal facets in the eye of the dragon-fly certainly can. 

19. These phenomena are, for obvious reasons, but imper- 
fectly discriminated by short-sighted persons. 

20. And, finally, it should be noticed that the investigations 
resulting in the phenomena described in these papers were 
commenced, and have been conducted throughout, for the 
specific purpose of testing the power of the naked eye in con* 
centrating the rapidly-diverging rays of light, proceeding from 
bodies when held at very short distances from it unaided by a 
lens ; and from these inquiries it would appear, amongst other 
results, that the magnifying power of the eye is limited by the 
magnitude of the visual angle on the one hand, and by the 
intensity of light on the other. If the visual angle be too large, 
the rays are not sufficiently refracted by the humours of the 
eye to converge to a focus, and form an image on the retina ; 
and if too small, the image is reduced to a mere point. The 
exact amount of divergence of the rays, therefore, for any 
individual eye lies somewhere between these two extremes. 
Again, iiowever nicely adjusted the visual angle may be to 
the refractive powers of the eye, if the light be too strong the 
pupil becomes so contracted that only the innermost rays are 
admitted ; while, if it be of small intensity, the object is so 
dimly illuminated as to be scarcely visible. If, then, whilst 
a small object is held very near to the eye, so as to insure 
a rapid divergence of the rays proceeding from it, the pupil 
can be dilated by the small quantity of light which is used, 
and to which like a photometer it immediately responds, so as 
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to admit as large an angle as the lenses of the eye are capable 
of refracting, at the same time that the object is rendered 
distinctly visible, then, under such circqmstances, we have 
arrived at the utmost limit to the available magnifying power 
of the eye. These conditions are fulfilled in the diascopey 
which may be defined to be an instrument which enables us to 
develop the microscopic power of the eye hy retaining an object 
close in front of it at one end, while it is examined by the light 
admitted through small apertures at the other* 

With such a simple optical instrument, altogether destitute 
of glass, a series of images inay be presented which have never 
before been seen with the naked eye ; and by its use we are 
led to a legitimate conclusion capable of direct proof, that 
when a transparent figure is held very near to the eye for the 
purpose of magnifying it, if an image is seen at all its size 
will bear an inverse ratio to the intensity of light by which it 
is made visible. 

In my next communication, which will embody the second 
part of the subject, I shall beg permission to describe and de- 
lineate another set of forms distinct from those which have 
been noticed in this, and which are produced by substituting 
straight or circular very narrow apertures of light for the per- 
forations. With such apertures, figures are seen as in perspec- 
tive, lines appear expanded into planes, and these are multi- 
plied into solids, which, from being of an ethereal brightness, 
bear a resemblance to models of regular geometric solids of 
pure glass. 

* This instrument may be i)rocured at Mr. Highley's Scienti6c Library, 
32, Fleet-street, Ix^ndon. 
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Journal, 

" This, though a small volume, is the most complete work on the application of the Microscope to 
clinical medicine hitherto published in this country. We do not see how in the present state of clinical 
medicine any but the mere routine empiric can dispense with such a book as this, unless indeed it be those 
who are more practised and better informed on the sul^t than the author himself, of wlilch genus, we 
will venture to affirm, there are very few inditidwUs to be found." — Auodaiion Medical JowmaL 

** Dr. Beale's work Is precisely the sort of book the practical man requires who wishes to make the 
Microscope useful to himself and his patients, who has little or no previous knowledge of the Microsc(^. 
The application of chemical analysis to microsooplcal investigation Is well treated, and we have great 
pleasure in strongly reoommenduig Dr. Beale's book, as calculated to extend nsefU knowledge, and 
thereby to assist in the progress of medical oclence."— JfeeUoot Tinui, 

** Dr. Beale's work appears to us everything that could be desired. We have no hesitation in rseom- 
mending moet strongly to students this work of Dr. Beale's as containing exactly the iofonnation which 
learners require.** — Medico-Chirurgical Beoieuf. 
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niaSLET'S HOBPITAL MICBOSOOFB. FROM A PHOTOGRAPH. 



m&EaMt*& Lld^EtAftir dl" dCISNCT AlTD AtLT. 



MANUAL OF ZOO-CHEMICAL ANALYSIS, 

QualitatiTe and Quantitative. 

BY E. C. F. VON GORUP-BESANEZ, M.D. 

ProfesBor of ChemiBtry at the Univenlfy of Erlaageii. 

Translated, with the oo-operation of the Author, by J, W. SLATER. 

With Dumeroiis beautiful lUustratioDs of the Microscopical Characters of Animal Produets, &c. 
selected from the Works of Robin and Verdeil, Funke, Donntf and Fourcault, Ac. 

[^Nearly ready 



THE MICROSCOPE, 

In its Special Application to Animal Anatomy and Physiology. 

BY T. H. HUXLEY, F.R.S., Ac 
Lecturer OB Natural History at the Departnmt oTPTBctical Science. 

[/n prepcraium, 

THE MICROSCOPE 

Its Special Application to Vegetable Anatomy and Physiology. 

BY DR. HERMANN SCHACHT. 

Edited, xoith the co-operation of the AMor^ by FREDERICK CURRET, Esq. 

Second Edition, considerably enlarged. Numerous Woodcuts. 

[7h the Press, 

*tf* This Translation having met with a rapid sale, the demand for a Second Edition 
enables the Author and Translator to bring the subject up to the present day, and thus place 
it in adyance of Dr. Schacht's Original Work. 

OPINIONS OF THE PRESS. 

*' We congratulate the publisher in having presented a valuable little work in so easily accessible a form 
which, like many attempts at popular scientific expoeitiaiis is neither deficient in accuracy nor superficial 
in information.''— Z^uMm MeeUad Quarterly Review. 

" It Is the composition not merely 6f a mechanical observer, but of an aooompUshed botanist ; and in 
the description of the parts as they are prepared for examination, and in the systematic manner in whicn 
the sut(iects are introduced, the reader has an abstract ct our present knowledge of structural and pbjrsio- 
logical botany. We can recommend this book as betag well wrftten, well trsnslated, and got up in a 
very creditable manner."— JMiool Times. 



BOTANIC A 1-. IsBTTERS. 

BY DR. r. UNOER. 

Tnuvlated by 0r. B. PAUL. 

NnmerooB Woodcuts. Prioe 5/. The original work was published At 8/6. 

[Just publishedm 

OPINIONS OF THE PBE88. 

'* Written \fy one of the most disUngnished among German botanists of the new sduol, for the pui po ee 
of popularising the lending ideas of the sdenoe. l^he woodcut illustrations are very elegant."— ibmolc 
nf natural Jlittory. 

** As a clear and beautiftil exposition of one of the most interesting and useftil of the natm«l sdenoes, 

this is one of the most satisfactory books we have seen for some time past." 

** The whole book comprises « pleasing and veiy readable narrative of all that is known of plant 
life, describing the cellular structure and physiology of every port with singular cleamen and minute- 
ness. Although remarkably cheap, this little volume is aboindantly illustrated with woodcats beantl 
fully executed." — Liverpool Courier. 
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MICBO-CHEMISTriT. 



MB. HIQHIiEY'S FUBIiICATIOirS ON MICBOSCOFT, ETC. 
QUAKTEKLY JOURNAL OF MICROSCOPICAL SCIENCE. 

INGLUDINO THB 

Transactions of the Microscopical Sodety of London ; 

SDITXD BT 

E. LANKE8TER, M.D., F.RS, F.L.S., &C. 

AND 

G. BUSK, F.R.C.S., F.L.S., &«. 

Illustrated with Lithographs and Woodcuts. 8yo. Price 4/. 

OPINIONS OF THE PRESS. 

'* We congratulate all loyers of natnral history on the iaaae of this periodical." . . . ** The getting np 
is extremely good, and both Editors and Publiahers seem to have done their ntmost to do Jastlce to their 
theme." — Memoo-Chiruargioai Review. 



A Treatise on the Germination, Developement, and Fructification 

OF 

THE HIGHER ORYPTOGAMIA. 

BY DR. HOFMEISTER. 

Translated, with the co-operation of the Author, by F. CURRET, Esq. 
Text 8vo. Plates 4to. 1019 Engravinga. 21/. 

NoncB. — This Work, so valuable to Botanists and Microscx)pist8, will be published 
by Subscription ; and as only a limited number will be printed, gentlemen are requested to 
forward their names to Mr. Highlet as early as possible, as the Work, from its costly 
character, will not be proceeded with till the expense of production can be guaranteed by the 
requisite number of Subscribers having been obtained. 



A MICROSCOPIC EXAMINATION 

OF THV 

Water Supplied to the Inhabitants of London and the Suburban 

Districts. 

BY ARTHUR HILL HASSALL, M.B., F.L.8. 

8vo. Coloured Plates. 2/6. 



THE HUMAN EYE DELINEATED AND DESCRIBED. 

BY CHADBURN, BROTHERS. 
Coloured Plate. Price 5/. 



THE COMPLETE SIGHT SUITER; 

Or Book of Lenses. 

Mounted with actual Glasses, to enable Persons to ascertain with exactness those Spectacles 

best adapted to their Sight at Tarions periods of life. 

BY JOHN THOMAS HUDSON. 
10/6. By post free 



LONDON : SAMUEL HIGHLEY, 32, FLEET STREET. 
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iiigllhtj'H Ititntifir Urihrarn, 

32, FLEET STREET, LONDON, 

For the Sale of all Modern Books on 

THE NATURAL AND MEDICAL SCIENCES^ 

Portraits, Photographs, Stereoscopic llews, Diagrams^ Ac Scientific 
Works above 5s. m price forwarded into the country Post Free, A liberal 
Discount allowed to Students, Librarians, Book Societies, or those making 
large purchases. 

Forwarded gratuitously by post to regular aistomers. 

AN ILLUSTRATED CATALOGUE 

OF 

SGIENTIFIG WOBKS, 
PUBLISHED BY MR. S. fflGHLEY, 

Will be forwarded by post on receipt of four postage stamps. 
32, FLEET STREET, LONDON. 



32, FLEET STREET LONDON, 

For the production, at moderate prices, of Collections, Characteristic 
Specimens, Models, Apparatus (of the best manufacture), Ac, especially 
selected for £eu;ilitating the study of Mineralogy, Geology, Paleonto- 
logy, Botany, Zoology, Osteology, Anatomy, Physiology, Embryology, 
Midwifery, Medical Science, Microscopy, Photography, Chemistry, 
Physics, Art-Anatomy, Ac, which are arranged to be collateral with the 
Works published in Highlet's Librabt of Science akd Abt. The details 
of these will be fomid in the Descriptive Catalogue of 

OF 

SPECIMENS, APPARATUS, MODELS, &a 

Selected for &cilitating the Study of the 

NATURAL AND MEDICAL SCIENCES, AND ART, 

Which will be forwarded on receipt of two postage stamps. 
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HIGHIiET'S SCIENTIFIC EDUCATIOirAIi MUSEUM. 



MICROSCOPICAL COLLECTIONS. 



PROF. QUEKETT'S POCKET DISSECTING MICROSCOPE, with 1-inch, J-inch, and 
|-inch lenses, mirror, kc. Size, 5^ inches square by 1^ deep, when packed, price 31/6. 

COMPOUND BODY for the above, in box, to render it a Travellino Mioroscopb, 42/. 

HIGHLEY'S HOSPITAL MICROSCOPE, on Tripod Stand, inclinable body, large double 
sliding stage with diaphragm, plain and concave mirror, fine and sliding coai'se adjust- 
ments to body, Huyghenian eye-piece, with adapting-piece for Ross's, Smith and 
Beck's, or Powell and Lealand's object-glasses, 84/. With rackwork coarse adjust- 
ment, 100/. With RACKWORK MOVEABLE STAGE, &C., 147/, 

♦^* {This instrument combines economy toith simplicity , elegance of formf and 
excellence of workmansliip.) 

UPRIGHT MAHOGANY CABINET, with fittings for Highley's Hospital Microscope, 
16/. and 25/. 

ACHROMATIC OBJECT GLASSES for Highley's Hospital Microscope and Quekett's 
Travelling Microscope, in brass boxes, 1-inch, 21/. ; {-inch, 25/. ; }-inch, 31/. 

HIGHLEY'S ACHROMATIC GAS MICROSCOPE LAMP, with reading shade and 
mounting apparatus. Constructed to correct the yellow, glaring, and injurious light 
of the ordinary gas lamp, as described in the ' Quarterly Jouraal of Microscopical 
Science, Pai-t II. p. 142 ; and * Quekett on the Microscope,' p. 489. In bronze, 62/6. 

HIGHLEY'S SECTION CUTTER, with Knife and Saw in Case. 

HIGHLEY'S CABINET OF APPARATUS AND REAGENTS, for Examinations in 
Medical Chemistry, as selected by Dr. Lionel Beale. Contents, — Apparatus. — 
Urinometcr in Case. Graduated 2 oz. Measure — Pipette — Stirring-ixnl — Microscopic 
Slides and Thin Glass — Watch-glasses — Test-tubes — Tube-holder — Brass Forceps — 
Platinum Foil — Spirit-Lamp with wire Ring — Seven capped Dropping Bottles for the 
following Reagents: — Nitric Acid, Acetic Acid, Ammonia, Potash, Nitrate Bai-ytes, 
Nitrate Silver, Oxalate Ammonia, Test-Papers, 31/6. 

HIGHLEY'S REAGENT CABINET, for Microscopical Testing, containing 12 capped 
Dropping Bottles, 15/. 

HIGHLEY'S ARRANGEMENT for Objeot-glass, Stage, and Mirror for Micro- 
scopical Photographs, as described in the * Quarterly Jounial of Microscopical 
Science,* No. IV., and adaptable to any Camera ; with adapting-piec« for Ross's, Smith 
and Beck's, or Powell and Lealand's Object-glasses, 63/. 

Double Combination Condenser for the above Arrangement, 21/. 

HIGHLEY'S MICROSCOPIC CAMERA, consisting of the above Arrsngement and Con- 
denser fitted to a double telescope chamber having a range from 12 to 24 inches, with 
focussing-glass 6 inches square, plate and bath frames, glass bath, box fitting inside 
camera, containing all the necessary chemicals and appni-atus. The whole contained 
in a packing-case arranged for the adjustment of this instrument to any angle. 
Complete, 180/. 

The Camera, Chemicals, Cases, &c., without Highley's Arrangement, but with adapting-picce 
for any maker's microscope, 105/. 

STUDENTS' COLLECTIONS OF MICROSCOPICAL OBJECTS. 25/. per Series of 24 
Slides. Five Series publish kd. 
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MB. GEORGE RANSOME'S 



IPSWICH MUSEUM PORTRAIT GALLERY 



OF 



Celekateltr Stientifit Pen. 



Dedicated, with PermiBsion, to Her UigeBty the QUEEN', and E.B.H. Prince ALBEBT. 



Each Portrait in Lithography hy Maguire. Size, 22 inches by 15 inches, 

price 7s. 6d, 



HIS BOTAIi HIQEOnESSS FBTNTCE AIiBEBT, E.Q., F.B.S., 

Patron of the Ipswich Institation. 

John Curtis, P.L.S. 



George Biddell Airy, M.A., D.C.L., 
F.K.S. 

George Allman, M.D., F.B.C.S.I., 
M.R.I.A. 

David Thomas Ansted, F.R.S., F.G.S. 

Robert Ball, LL.D., F.R.I. A., Sec.R.Z.S. 

Sir Henry T. De la Beche, C.B., F.R.S., 
F.G.S. 

Thomas Bell, Sec. R.S. 

Sir John Boileau, Bart., F.R.S. 

Charles Lucien Bonaparte, Prince of 
Canino. 

James Scott Bowerbank, F.R.S., L.S., 
and G.S. 

The Most Noble the Marquis of Bristol, 
F.R.S. 

Robert Brown, D.C.L., F.R.S., Pres. 
L.S., &c. 

Very Rev. William Buckland, D.D., 
F.R.S., L.S., and G.S. 

William Carpenter, M.D., F.R.S., and 

G.S. 
Sir WilUam Cubitt, F.R.S., M.R.I.A., 

F.R.A.S., &c. 
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Edward Doubleday, F.L.S. 

Charles Darwin, M.A., F.R.S., and G.S. 

Michael Faraday, D.C.L., F R.S. 
Edward Forbes, F.R.S., and G.S. 

Edward Forster, F.R.S., V.P.L.S. 
John Gould, F.R.S. and L.S. 

Robert Edmond Grant, M.D., F.R.S. 

John Edward Gray, F.R.S. and G.S. 

William Henry Harvey, M.D. 

Rev. J. S. Henslow, M.A., F.L.S., and 

G.S. 
Rev. Dr. Hinds, Bishop of Norwich. 

Sir William Jackson Hooker, D.C.L.> 
F.R.S., L.S., and G.S. 

Joseph Dalton Hooker, M.D., F.R.S.* 
L.S., and G.S. 

Sir William Jardine, Bart., F.R.S.E., 
and L.S. 

Rev. William Kirby, M.A., F.R.S., L.S., 

and G.S. 
General Sir Edward Eerrison, Bart., 

K.C.B. 



IPSWICH MTTSEUM POBTBAIT GAIiLEBT. 



Edwin Lankester, M.D., F.R.S., and L.S. 

John Lee, LL.D., F.R.A.S. 

John Lindley, Phil. D., F.R.S., and L.S. 

Sir Charles Lyell, M.A.,F.B.S., and L.S. 

David William Mitchell, B.A., F.L.S. 

Sir Roderick Impey Murchison, M.A., 
F.R.S. and L.S., V.P.G.S., &c. 

Richard Owen, V.P.R.S., F.G.S., &c. 

Robert Patterson, V.P. Nat. Hist, and 
Phil. Soc. Belfast. 

John Phillips, F.R.S. and G.S. 

Lyon Playfair, O.B., F.R.S., &c. 

Lovell Reeve, F.L.S. 

Rev. Stephen J. Rigaud, M. A., F.R. A.S. 

Right Hon. Lord Rendlesham, M.P. 

Sir James Clarke Ross, Oapt. R.N. 
D.C.L., F.R.S. and L.S. 



Lieut.-Col. Edward Sabme, V.P.R.S. 
F.R.A.S. 

Rev. Adam Sedgwick, F.R.S. and G.S. 
Prideaux John Selby, F.L.S. and G.S. 

Rev. Edwin Sidney, M.A. 

William Spence, F.R.S. and L.S., V.P. 

Ent. Soc. 
Rev. Dr. Stanley, F.R.S., Pres. L.S. 

Richard Taylor, Under Secretary L.S., 
F.R.A.S., F.S.A. 

William Thompson, President Nat. Hist, 
and Phil. Soc. Belfast. 

Nathaniel Wallich, M.D., F.R.S.L. and 
E., F.L.S. and G.S. 

George R. Waterhouse, V.P. Entomo- 
logical Society. 

John 0. Westwood, F.L.S., Pres. Ent. 
Soc. 

William Yarrell, V.P.L.S. and Z.S. 

T. B. Western, Esq. 



It was originally intended to have confined the issue of these Prints to the Members 
of the Museum, but many applications for Copies having been made by the friends 
of those whose Portraits have been taken, Mr. Ransome has consented to issue a 
limited number of India Proofs. 

Any profit that may arise from the disposal of these Portraits will be devoted 
exclusively to the funds of the Ipswich Museum, which Institution was established 
in December, 1847, mainly with the object of contributing towards the free 
instruction of the Working Classes in the science of Natural History, by providing 
for them a good Museum, Library, Lectures, and Classes. 



LONDON : SAMUEL HIGHLEY, 32, FLEET STREET. 
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M, 



PORTRAITS 

or 



EMINENT MEDICAL MEN. 



TWTP, T. &TGNW& MEDIOAIi POBTB.ATT GKAIiIiEBT. 

A Series of elegantly-executed Sketches, drawn on Stone by Maguire. Printed on India 

Paper, price 6/. each. (Size, 13 inches by 10 inches.) 



Mr. J. Avert, 

Surgeon to the Charmg-Oross HospitaL 

Dr. G. Budd, 

Professor of Medicine at King's College, 

Mr. G. Busk, 

Surgeon to the * Dreadnought* Hospital 

Ship, 

Mr. Wm. Coulson, 

Surgeon to St, Mary's Hospital, 

Mr Wm. Fergusson, 

Professor of Surgery at King's College, 

Dr. John Forbes, 

Physician in Ordinary to the Queen's 
Household, 

Mr. E. Forbes, 

Professor of Botany in Kinfs College, 

Mr. J. Gat, 

Surgeon to the Boyal Free Hospital, 

Mr. H. Hancock, ^ p t5 t 

Lecturer on Surgery to the Charing-Cross ^^ ^ ^' lODD, 

Hospital. Professor of Physiology in King's College, 

OPINIONS OF THE PRESS. 

"Dtawn in lithography by Mr. Maguire, whose eminence in that art is well known, and printed in 
the first style on India paper. All these are admirable as works of art, and the likenesses are, for the 
most part, very saecessfal. The interest which a complete collection of oar present * notabilities ' would 
possess, ^th for their contemporaries and for future generations, need scarcely be pointed oat."—- JTedico- 
Chirurgical Review, 

Mr. Richard Phillips, F.RS. L. & E., 

Late Curator of the Museum of Economic (Geology. 
Sir B. BrODIE. By B. Georqe, from a Bast by Bbhnes.— 55. 

ENGRAVED. 



Mr. J. Luke, 

Surgeon to the London Hospital, 

Mr. J. R Martin, 

Late Presidency Surgeon, Calcutta, 

Mr. J. Paget, 

Professor of Surgery to the Boyal College 
of Surgeons, 

Mr. SmoN, 

Officer of Health, City of London. 

Mr. F. C. Sket, 

Aasistant'Surgeon to St. Bartholomew's 
Hospital. 

Dr. E. Smith, 

Lecturer on Anatomy at the Charing-Cross 
Hospital, 

Mr. J. F. South, 

Surgeon to St. Thomas's Hospital. 



Sir Wm. Burnett . . £1 i 
Mr. R. D. Grainger . o 10 6 
Dr. Jas. Johnson ... o 10 6 



Mr. W. Lawrence . . £i i o 



Dr. J. a, Paris, President ) J 
Boyal College of Physicians J 
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WORKS ON MICROSCOPY, 

SOLD BY 

SAMUEL HIGHLEY, 

And forwarded, Carriage Free, to any part of the United Kingdom on receipt of a 

Post-Office Order for the amount specified. 

The Microscope and its Application to Clinical Medicine. 

I^ Lionel Beale, M.B. Lond. Professor of Physiologv and General and 
Morbid Anatomy in King's College, London. Numerous Illustrations. lOs. &d. 

The Microscope in its special Application to Vegetable Anatomy and Phy- 
siology. By Dr. Hermann Schacht. Translated by Frederick Curret, 
^SQ. Numerous Woodcuts. 5«., being the price of the original work. 

Botanical Letters. By Dr. F. Unger. Translated by Dr. B. Paul. 
Numerous Woodcuts. 5«. The original work was published at 8«. 6d, 

The Microscope, its History, Construction, and Teachings. By Jabez 
Hogg, M.B.C.S. Post 8yo. Numerous Illustrations. 6«. 

An Introduction to Clinical Medicine, six Lectures on the Method 

of examining Patients : Percussion ; Auscultation ; the use of the Microscope ; 
and the Diagnosis of Skin Diseases. By John Hughes Bennett, M.D., F.B.S.E. 
Second Edition, Witii numerous Woodcutsi Fcp. Svo. 5«. 

Mohl on the Anatomy and Physiology of the Vegetable 

CELL. Translated by Arthur Henprey, F.B.S. Svo. Plates. 7«. 6d. 

^aImover on the Construction and Use of the Microscope. 

Edited by John Goodsir, F.B.S.E. Svo. Woodcuts. 5«. 

A Synopsis of the British Diatomaceae, with Remarks on their 

structure, Functions, and Distributions ; and Instructions for Collecting and 
Preserving Specimens. By the Rev. William Smith, F.L.S. Plates by 
TuFPiN West. Vol. I. £1 1». 

Professor Quekett's Practical Treatise on the Use of the 

Microscope^ including the different Methods of preparing and examining 
Animal, Vegetable, and Mineral Structures. Second Edition. Numerous 
Illustrations. 228. 

Professor Quekett's Lectures on Histology, deuvered at the Royai 

College of Surgeons of England, 1850-51. Numerous Illustrations. Vols. 
I. and n. 

The MicrOSCOpist : a complete Bianual of the Use of the Bflcroscope for 
Physicians, Students, and all lovers of Natural Science, with numerous 
Illustrations. By J. H. Wythes, M.D. 6*. 

Curiosities of the Microscope, or illustrations of the Minute Parts 
of Creation. By Dr. J. H. Wythes. Square Svo. Coloured Plates, 6t, 6d. 
Ju9t Pvbliahed, 

A History of Infusorial Animalcules, Living and Fossil ; 

with several Hundred Illustrations. By Andrew Pritchard, M.B.I. 
Plain, 21f . ; Coloured, 36«. 

A Microscopical Examination of the Water supplied to 

THE INHABITANTS OF LONDON, &c. &c. By A. H. Hassall, M.B. 
Illustrated by Coloured Plates. 28, 6d, ; by Post, 3«. 

London : SAMUEL HIGHLEY, 32, Fleet Street. 
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